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Abstract

Objectives: to investigate the relation between maternal overweight and child's anthropo-
metric indices, identifying the interaction with the child's age.

Methods: a cross-sectional study with mothers and their children under 2 years old. The
mothers’ body mass index (BMI), waist-to-hip ratio and waist-to-height ratio was calculated.
In children, we calculated height/age (H/A), body mass index/age (BMI/A), weight/height
(W/H) and weight/age (W/A) indices. The means of the anthropometric indices of children
with excess weight and maternal cardiometabolic risk were compared. Mothers and chil-
dren’s anthropometric indices were correlated. Linear regression models were proposed. We
investigated the child's age interaction with anthropometric variables of the dyad.

Results: the means of BMI/A and W/H were higher in children of overweight mothers and
the means of BMI/A, W/H and W/A were higher when mothers had increased risk for
cardiometabolic diseases. There was an association of maternal weight and height with the
W/A index; maternal BMI with W/H; maternal height with H/A; maternal weight, BMI and
waist circumference with BMI/A. The children's age did not interact with the assessed para-
meters.

Conclusion: children under 2 years of age, whose mothers are overweight, tend to show
changes in weight, regardless of age.
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Introduction

Adequate nutritional status is one of the determining
factors for a good health condition.! The prevalence
of overweight and obesity has been growing over the
years. According to the World Health Organization
(WHO), this comorbidity is considered one of the
major public health problems in the world. In Brazil,
surveys indicate a prevalence of more than 50% of
overweight among adults and about 15% among
children, with emphasis in the Southeast and South
regions.2

It is estimated that more than 41 million children
worldwide, aged up to five years old, are over-
weight.3 This condition is considered as one of the
risk factors to develop chronic non-communicable
diseases (NCDs), being the most concerning in the
earlier occurrence.4-6

Infant nutritional status can be related to both
genetic and environmental factors. Studies reveal
that in the gestational period, the maternal nutri-
tional status has been related to the nutritional status
of their children.7-10 However, it is noteworthy that
this relationship between mother and child is also
verified throughout childhood and adolescence.11-17

A study conducted with children under the age
of five, found a relationship between the mothers
and children’s Body Mass Index (BMI), identifying
a lower prevalence of overweight in children of
eutrophic mothers. It was also verified a relationship
between the height of the dyad, with a three times
greater chance of the child being short when the
mothers present it.13 Cantalice ef al.12 also found a
relationship between maternal nutritional status and
overweight in children and adolescents between 2
and 18 years old. Mascarenhas et a/.11 verified that
the risk of an adolescent (10 to 17 years old)
presenting overweight/obesity is 2.28 times when
his/her mother presents this condition, thus maternal
obesity is an overweight risk factor.

The relationship between the nutritional status of
the mother-child dyad, considering the family
context and the environment, is poorly studied, espe-
cially in the first years of life, which highlights the
need to understand it better. We know that environ-
mental conditions play an important role in child’s
growth and development!8,19 and may determine
nutritional status over the years. Considering that
mothers and children share similar environmental
conditions, 2 it is coherent to verify the relationship
of the nutritional status of both, though, it is neces-
sary to investigate the child’s age interacting in this
relationship. Thus, the objective of the present study
is to investigate the relationship between maternal
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overweight and child anthropometric indices, identi-
fying the interaction of the child's age in this rela-
tionship.

Methods

This is a cross-sectional study conducted from
December 2016 to November 2018, with mothers
and their respective children under two years of age
attended at the public health network in the city of
Vigosa (MG). The sample calculation suggested 223
pairs (mother and children), although the sample
totaled 190 pairs and had a power of 90.7%. The
statistical power was calculated using the OpenEpi
online software. For the calculation, a significance
level of 5% was considered, exposure of children to
overweight according to weight/height (W/H), as
well as prevalence of increased risk for cardiometa-
bolic diseases in mothers, according to the Waist
Circumference (WC). We adopted as the inclusion
criteria, children up to two years of age and their
respective mothers. The non-inclusion criteria
adopted were: pregnant mothers; presence of
diseases that required changes in the pairs’ diet;
premature children, as this can be a confounding
factor in the interpretation of some results; children
under one month old due to high weight retention in
mothers.

The data collection took place in five Basic
Health Units in the city and in the polyclinic, during
puericulture days. We applied a semi-structured
questionnaire to obtain information on the demo-
graphic, socioeconomic and health conditions of
mothers and children. The classification proposed by
the Brazilian Association of Research Companies
(ABEP) was used to classify the socioeconomic
level of the dyad. Data on health conditions refer to
the number of prenatal consultations and birth
weight and length, information obtained from the
mother's prenatal card and the child's health hand-
book or self-reports by mothers. In addition, we
assessed the nutritional status of the dyad.

In mothers, the anthropometric measures
assessed were weight, height and waist circumfe-
rence (WC). Weight was measured in kilograms,
using an electronic scale from Kratos® brand, with a
maximum capacity of 150 kilograms (kg). Mothers
were instructed to get on the center of the scale in an
upright position, with arms extended along the body,
without shoes and with as little clothing as
possible.20 Height was measured in centimeters with
the help of a Altura Exata® stadiometer, with 150cm
of extension. In order to check this measurement, we
instructed the mothers to get on the equipment with



their backs to the marker, without shoes, with their
heels together so that their feet formed a 45° angle,
looking at the horizon and with an upright posture.20

The Body Mass Index (BMI) was calculated and
its classification followed the WHO recommenda-
tions,2! and those with BMI > 25 kg/m? were consid-
ered overweight. The waist circumference was
measured at the midpoint between the lower margin
of the last rib and the iliac crest. We adopted the
WHO cutoff points for this parameter.2! The Waist-
to-Height Ratio (WHtR) was obtained by the ratio of
the value obtained from the WC by the value of
height. We used the cut-off point >0.5 indicative of
risk for developing cardiovascular diseases.22

In children, the anthropometric measures
assessed were weight and length, which were
measured according to techniques recommended by
Jelliffe.20 Weight was measured in kilograms, using
a pediatric scale, with a maximum capacity of 16 kg.
The children were placed without clothes, lying
down or sitting in the center of the scale basket. For
children weighing over the capacity, we used the
same scale and weighing technique used on mothers.
The children's length was measured in centimeters
using an infant anthropometer. The measurement
was conducted by two properly trained people, so
that one of them kept the child's head on the vertical
plane and in contact with the fixed part of the anthro-
pometer and the other pressed the child's knees on
the surface and moved the mobile part of the equip-
ment. until it forms a 90° angle between the child's
legs and feet, to get the measurement.20 The indices
of height/age (H/A), Body Mass Index/Age
(BMI/A), weight/height (W/H) and weight/age
(W/A) were calculated, in Z-score and assessed
according to the cutoff points recommended by
WHO,23 in the WHO Anthro 2011 program version
3.2.2. All anthropometric measurements performed
on mothers and children were assessed by a properly
trained researcher.

It is noteworthy that the equipment used to
measure the weight and height of mothers and chil-
dren were the same in all Basic Health Units and at
the Polyclinic, therefore, they presented the same
calibration. It should also be highlighted that the
measures were always measured by the researcher
responsible for the research, who had the help of an
intern. Both were trained to perform these measure-
ments.

Statistical analyzes were performed using the
Stata software version 13.0. The Shapiro-Wilk test
and asymmetry coefficient were used to assess the
normality of the variables. Student's t-test was used
to compare the means of children's anthropometric

The relation of mothers and children’s nutritional status

indices according to: maternal nutritional status,
considering the presence or absence of overweight
according to the BMI; cardiometabolic risk,
according to WC and WHtR. Pearson's correlation
was conducted between child’s anthropometric
indices and the mothers' weight and height variables.
Linear regression models were proposed considering
the child's anthropometric indices (H/A, BMI/A,
W/H, W/A) as the outcome and maternal anthropo-
metric variables (weight, height, BMI, WC and
WHtR) as explanatory variables. We investigated the
existence of interaction of the child's age in the rela-
tionship between the child’s anthropometric indices
and maternal variables. Confounding potentials have
been identified in the literature, using the directed
acyclic graph (DAG) as a guide in this selection of
covariates. This approach has been used to represent
causal relationships between variables and to help
identify a minimum set of covariates that is suffi-
cient to control the situation of confusion. Based on
this strategy, the following covariables were consi-
dered: mother's schooling, gestational weight gain,
number of pregnancies, maternal age and number of
prenatal consultations. The quality of adjustment of
the model was assessed by analyzing the residuals
(according to the assumptions of normality,
homoscedasticity, linearity and independence) as
well as by the multicollinearity analysis between the
variables included in the model. The level of signifi-
cance adopted in all analyzes was 5%.

The study took into account, Resolution 466/12
of the Conselho Nacional da Saude (CNS) (National
Health Council) and was approved by the Human
Research Ethics Committee of the Universidade
Federal de Vigosa (UFV), under the registration
number 1,833,627. The participation of the dyad
occurred voluntarily, and the mothers signed the
Informed Consent Form after being informed about
the research.

Results

We assessed 190 mothers and children. The chil-
dren’s mean age was 11.5 (£ 7.8) months and
mothers 27.4 (£ 6.6) years old. Table 1 characterizes
the sample, which shows that approximately 54% of
the children were male and 93.7% had birth weight
between >2,500 and <3,999g. As for gestational
parameters, the mean weight gain was 12.7 kg
(£ 5.5) and about 89% of mothers attended more
than six prenatal consultations. The anthropometric
parameters were adequate for most mothers and chil-
dren. The waist circumference and the waist-to-
height ratio showed values indicative of increased
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risk for cardiometabolic diseases for mothers, 57.9% 31.6% by BMI/A. Approximately 6% of the children
and 52.1%, respectively. The percentage of over- were below the expected length for their age (Table
weight in mothers was 43.2% and in children 6.9% 1).

according to the W/A index, 30.5% by W/H, and

Table 1

Socioeconomic and nutritional characteristics of mothers and children attended in a public health network in the city
of Vigosa, MG (n=190 pairs).

Variables N %
Child’s sex
Male 102 53.7
Female 88 46.3
Birth weight (g)
<2,500 4 2.1
>2,500 and <3,999 178 93.7
24000 8 4.2
Child’s age
< 6 months 53 27.9
6 months to 1 year 51 26.8
1 to 2 years 86 45.3
Maternal schooling
Complete elementary school 79 41.6
Complete high school 90 47.4
Complete higher education 21 11.0
Gestational weight gain ()-( + SD) 12.7 +5.5
Prenatal consultations number
<6 21 1.1
26 169 88.9
Children’s Nutritional status
H/A
Very low and low 12 6.3
Adequate 178 93.7
W/A
Very low and low 5 2.6
Adequate 172 90.5
High 13 6.9
W/H
Thinness 10 5.3
Eutrophy 122 64.2
Overweight 58 30.5
BMI/A
Thinness 6 3.1
Eutrophy 124 65.3
Overweight 60 31.6
Mothers’ nutritional status
BMI
< 25.0 108 56.8
2 25.0 82 43.2
wc
< 0.80 80 421
2 0.80 110 57.9
WHtR
< 0.50 91 47.9
2 0.50 99 52.1

H/A = Height by age; W/A = Weight by age; W/H = Weight by height; BMI/A = Body Mass Index by age; BMI = Body
Mass Index; WC = Waist Circumference; HCR = waist-to-height ratio.
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The mean of the W/H and BMI/A indices in chil-
dren were significantly higher when they were chil-
dren of overweight mothers. We also found that
mothers at increased risk for cardiometabolic
diseases, according to WC, had children with higher
means for the W/A, W/H and BMI/A indices. The
means of the child’s anthropometric indices did not
differ according to the WHtR (Figure 1). There was
a positive correlation between the W/A and W/H
indices with maternal weight, as well as between the
W/A and H/A indices with maternal height (Figure
2).

In the linear regression analysis, we found that
the children's W/A index was significantly associ-
ated with maternal weight, height and WC. This
association was maintained for weight and height in
the proposed adjustment model. The W/H index was
associated with maternal weight and BMI
(>25kg/m?) in the bivariate analysis, losing the asso-
ciation with weight after the adjustment. In relation

Figure 1

The relation of mothers and children’s nutritional status

to the H/A index, this was associated with maternal
height, while the BMI/A index was associated with
weight, BMI (>25kg / m?) and WC (=80cm), main-
taining this association only for the BMI, after the
adjustment. As for the explanatory capacity of the
indices, maternal height was the variable that best
explained the W/A and H/A indices while the
maternal BMI best explained the W/H and BMI/A
indices. The children's age did not interact with the
assessed parameters (Table 2).

Discussion

Although the anthropometric parameters have been
shown to be adequate for most mothers and children,
the prevalence of overweight draws attention.
Among mothers, 43.2% had this condition, a
percentage (50.45%) lower than that found on the
obesity map for adults in the Southeast region.2
Among children, the percentage of overweight found
was similar (30.5 % - W/H; 31.6% - BMI/A) to the

Mean and standard deviation of the children's anthropometric measurements and indices, according to the mothers' overweight, waist

circumference and waist-to-height ratio. Vicosa, MG (n = 190 pairs).

Overweight

High wC High WHtR

0.2 -

0.0

p=0.72
-0.4

p=0.76

p=0,42

H/A

0.751
0.50+

0.251
0.00- 0=0.03*

p=0.04*

p=0.34

BMI/A

1.00

0.75

Mean (CI95%)

0.501
0.251
0.00 p=0.04*

p=0.06*

p=0.55

W/H

0.50 -

0.00 1

p=0.11

p=0.04*

p=0.80

W/A

WC = Waist circumference; WHtR = waist-to-height ratio; H/A = Height by age; BMI/A = Body Mass Index by age; W/H = Weight by height;

W/A = Weight by age.
* Student's t-test.
** p<0.05.

Rev. Bras. Saude Mater. Infant., Recife, 21 (2): 379-388 abr-jun., 2021

383



Soares MM et al.

Figure 2

Correlation of children's anthropometric indices according to mothers' weight and height. Vicosa, MG (n = 190 pairs).
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Table 2

The relation of mothers and children’s nutritional status

Linear regression coefficients (gross and adjusted), respective confidence intervals and p-value for the association between

children's anthropometric indices and maternal anthropometric measurements. Vicosa, MG (n=190 pairs).

Mothers’ variables

Gross Model

Adjusted Model

B (CI195%) B (C195%) R2 p interaction’
H/A Index
Weight (kg) 0.01 (-0.01 : 0.02) 0.01 (-0.01 : 0.02) -1.31 0.13
Height (cm) 0.04 (0.01: 0.07)* 0.05 (0.02 : 0.08)* 3.55 0.08
BMI
<25 kg/m? Ref. Ref. -1.62 0.32
225 kg/m? -0.07 (-0.45; 0.31) -0.13 (-0.53 ; 0.26)
wcC
<80cm Ref. Ref. -1.88 0.42
280cm 0.06 (-0.32; 0.44) 0.02 (-0.38; 0.42)
WHtR
<0.5 Ref. Ref. -1.26 0.99
20.5 -0.15 (-.053; 0.22) -0.20 (-0.59 ; 0.19)
BMI/A index
Weight (kg) 0.02 (0.00 ; 0.03)* 0.01 (0.00 ; 0.03) 2.86 0.99
Height (cm) 0.02 (-0.01 ; 0.05) 0.02 (-0.01 ; 0.05) 2.08 0.41
BMI
<25 kg/m? Ref. Ref. 3.87 0.34
225 kg/m? 0.44 (0.04 ; 0.84)* 0.46 (0.04 ; 0.88)*
wcC
<80cm Ref. Ref. 2.49 0.69
280cm 0.44 (0.03 ; 0.84)* 0.33(-0.10; 0.76)
WHtR
<0.5 Ref. Ref. 1.31 0.34
20.5 0.19 (-0.21; 0.60) 0.11 (-0.30; 0.53)
W/H index
Weight (kg) 0.02 (0.00 : 0.03)* 0.01 (0.00 ; 0.03) 3.02 0.80
Height (cm) 0.03 (-0.01 : 0.06) 0.03 (-0.02 ; 0.07) 2.58 0.74
BMI
<25 kg/m2 Ref. Ref. 3.82 0.42
225 kg/m? 0.43 (0.02 ; 0.84)* 0.45 (0.03 ; 0.88)*
wcC
<80cm Ref. Ref. 2.34 0.98
280cm 0.39 (-0.02; 0.80) 0.30 (-0.14; 0.74)
WHtR
<0.5 Ref. Ref. 1.32 0.41
20.5 0.12 (-0.29; 0.53) 0.06 (-0.37 ; 0.49)
continue

H/A = Height by age (z-score); BMI/A = Body Mass Index by age (z-score); W/H = Weight by height (z-score); W/A = Weight
by age (z-score); B: correlation coefficient; CI195% = 95% confidence interval; BMI = Body Mass Index; WC = Waist Circumference;

WH1tR = Waist-to-Height R atio.

Model adjusted for the mother's schooling, gestational weight gain, number of pregnancies, maternal age and number of

prenatal consultations.

" Interaction considering age (<1 year and 21 year).
2 Model adjusted for the mother's schooling, number of pregnancies, maternal age and number of prenatal consultations.

* p<0.05.
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Table 2

concluded

Linear regression coefficients (gross and adjusted), respective confidence intervals and p-value for the association between

children's anthropometric indices and maternal anthropometric measurements. Vicosa, MG (n=190 pairs).

Mothers’ variables

Gross Model

Adjusted Model

B (C195%)

B (C195%) R2 p interaction’

Weight / age index

Weight (kg) 0.02 (0.00 ; 0.03)*
Height (cm) 0.04 (0.02 ; 0.06)*
BMI

<25 kg/m? Ref.

225 kg/m? 0.27 (-0.06 ; 0.60)
wcC

<80cm Ref.

280cm 0.35 (0.02 ; 0.68)*
WHtR

<0.5 Ref.

20.5 0.04 (-0.29; 0.37)

0.01 (0.00 : 0.03)* 4.07 0.31
0.04 (0.02 : 0.07)* 6.98 0.57
2.42
Ref. 0.17
0.25 (-0.08 ; 0.58)
2.36
Ref. 0.86
0.25 (-0.09 ; 0.60)
1.17
Ref. 0.34

-0.04 (-0.37 ; 0.30)

H/A = Height by age (z-score); BMI/A = Body Mass Index by age (z-score); W/H = Weight by height (z-score); W/A = Weight
by age (z-score); B: correlation coefficient; C195% = 95% confidence interval; BMI = Body Mass Index; WC = Waist Circumference;

WHtR = Waist-to-Height R atio.

Model adjusted for the mother's schooling, gestational weight gain, number of pregnancies, maternal age and number of

prenatal consultations.

" Interaction considering age (<1 year and 21 year).
2 Model adjusted for the mother's schooling, number of pregnancies, maternal age and number of prenatal consultations.

* p<0.05.

estimate made by the obesity map (38.8%), consi-
dering children aged 5 to 9 years old in the Southeast
region.2 A study conducted in the Northeast of
Brazil, with children under 5 years old also verified
a percentage of overweight similar (28.5%) to that
verified in the present study (30.5%), according to
the W/H index.24

The percentage of overweight verified by the
W/A index (6.9%) was lower than the other indices.
We believe this is due to the different objectives of
the indices. The W/A index, for example, is more
suitable for assessing the children’s growth, as it
reflects the global health situation, but it does not
consider whether the impairment is current/acute or
progress/chronic. However, it allows to detect easily
changes in the child’s health status.18-25 W/H is
recommended to assess acute malnutrition and over-
weight, although, it does consider the children’s age
and may therefore, misclassify their nutritional
status when they are short for their age. Thus, it’s
noteworthy the need to use more than one anthropo-
metric parameter to perform the nutritional diag-
nosis.18 Many studies have used the BMI/A index to
assess the nutritional status of children and adoles-
cents.12,13,22,26 This is due to the fact that this indi-
cator is recommended internationally for the indi-
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vidual and collective diagnosis of nutritional status,
since it considers the individuals’ age.25

Regarding to the relationships between children's
anthropometric indices and maternal variables, we
found that overweight and/or obese mothers had
children with higher means for the anthropometric
indicators W/H and BMI/A. This result is similar to
a study conducted in Pernambuco with children and
adolescents (2 to 18 years old), they have found
higher BMI means in mothers when their children
were obese.!2 In addition, in the present study, there
was a relationship between the children's W/A, W/H
and BMI/A indices and increased risk for
cardiometabolic diseases, according to maternal
WC. In a study conducted with children under the
age of five, the maternal obesity central was also
positively associated with overweight, which was
classified according to the W/H indicator.24
Although little has been studied about the associa-
tion of maternal WC with the anthropometric indices
of children under two years of age, we believe that
this relationship is expected, since overweight
mothers tend to have high WC.

In the present study, children's anthropometric
indices were associated with weight, maternal
height, overweight and cardiometabolic risk



according to WC. Such relationships have also been
verified in other studies. In Pernambuco, for
example, Migliolil4 found a direct relationship
between the W/A of children under five years of age
with their mothers’ height, and BMI/A with their
mothers' BMI. In addition to this, other studies have
also found a direct relationship between the maternal
BMI and children’s BMI.12.13,26 Moreira et al.24
found no relationship between the BMI of mothers
and the presence of overweight in children under 5
years of age, which was explained by the authors as
a result of the lack of sensitivity of the BMI as an
indicator of body fat. However, Murtal3 studying
children in this same age group verified a relation-
ship between the mothers and children’s BMI, so
that the prevalence of overweight in children was
lower when they were children of mothers consi-
dered to be eutrophic.

When verifying this relationship between chil-
dren and adolescents, Salvador et al.,26 identified a
higher prevalence of overweight among children of
mothers with overweight and obesity and Cantalice
et al.12 found a higher BMI means of mothers when
their children were obese. A study conducted with
children under five years old found that the chance
for them being short in stature is three times greater
when mothers presents it.13 Furthermore, the chance
of risk of malnutrition due to H/A deficit in children
under 6 years of age was two times greater when the
mother was less than 155 cm tall.2?

The W/H and BMI/A indices were better
explained by the maternal’s BMI, while the W/A and
H/A indices were better explained by the maternal’s
height. This result shows the strong association
between the mothers’ height and nutritional status on
the indices that determine the nutritional status of
their children. The use of anthropometry to diagnose
the nutritional status of the population, especially in
children and adolescents, is very common. Its values
represent, for both population and individual levels,
the adjustment between environmental factors and
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cents, 11-17,24,26,27 but also in the early period of life.
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dering the maternal nutritional condition in moni-
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as, for example, chronic non-communicable
diseases.

We conclude that children, under two years of
age of overweight mothers, present changes in the
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days of life. It is evident, therefore, the necessity of
actions to promote health and prevent nutritional
problems in children, which also include care for
maternal nutrition in this period.
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